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@ Surface treated metal plate and method of producung It. 

@ A coated metal plate is obtained by extruding thermo- 
plastic resin (3) from a die (4) directly onto a preheated 
metal plate (1). The surface of the plate can optionally be 
chemically pretreated. and an adhesive layer may be pro- 
vided between the metal and the thermoplastic layer for 
xample by co-extruding it with the thermoplastic resin. 

The coated metal has superior anti-corrosion proper- 
ties and appearance, and ca can be used in many different 
fields. 
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SURFACE TREATED METAL PLATE AND METHOD OF PRO DUCING IT 

This- invention relates to metal plates which are 
coated with a thermoplastic resin, for example to give anti- 
5 corrosion properties and improved appearance. 

It has been known to provide a synthetic resin 
coating for a metal plate by coating a steel plate with a 
thermosetting acrylic resin paint, or by laminating a pre- 
formed resin film to a steel plate. Such treated plates are 
10 used in many fields, such as building, interior decoration 
of vehicles, construction of domestic electrical machinery 
and tools, furniture and other domestic products, 
particularly because of their attractive colour, appearance 
and anti -corrosion properties. 
15 However, paints employ resins of relatively low . 

molecular weight, and it is difficult to attain a 
high molecular weight by baking and curing after coating, 
and also the fluidity of the paint on the metal plate is 
usually inadequate, and the coating lacks durability. 
20 On the other hand, in lamination -coating of steel 

panels, the preformed resin films are produced by extruding 
resins such as polyvinyl chloride, acrylic resins or 
fluoroplastics from high molecular weight stock originating 
in the processes used for their production at petrochemical 
25 plants. Thus the molecular weight of such films can be far 
higher than those obtained from paints. Consequently, the 
durability of the film on the metal plate is much longer; 
for example 10 to 20 years as compared with 3 to 5 years for 

paint coatings. 
30 However, there are problems with such laminated 

panels. 

(i) With very thin films it is difficult to achieve 
uniform lamination on the metal plate, and wrinkling, can 
occur. For this reason the film thickness is not usually 
35 less than 50 v . 
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(ii) The surface of the metal plate will have micro- 
scopic unevennesses, and this tends to produce gaps between 
the film and the metal plate, so that adhesion of the film 
can be insufficient. : 

5. (iii) Since the resin must be preformed as a film, 

the range of resins which can be used is restricted 
according to their film-forming ability. 

The present invention is based upon the discovery 
that a coated metal plate having an attractive appearance 

1G and also good adhesion between the coating and the plate and 
good anti-corrosion properties, as compared with painted and 
laminated steel plates, can be obtained by extruding a 
thermoplastic resin directly and continuously onto a pre- 
heated metal plate. Since the resin is applied directly 

15 from the extrusion die in the molten state, without forming 
it into an independent film, the thickness of the film can 
be less than 50n; preferably from 35\i down to 5y. The 
actual thickness of the film used may be determined by the 
degree of durability required, and also by considerations of 

20 cost. The present invention enables the product to be much 
better matched to these requirements. Furthermore, although 
hard resins can be used to produce a self-supporting film, 
the film is easily broken and is difficult to adhere under 
pressure to the metal plate. In the present invention such 

25 hard resins can be used, as they are coated while in the 
molten state. Moreover, since the step of forming an 
independent film is omitted, the cost of producing, the 
coated metal is reduced. 

The metal plates which can be coated in accordance 

30 with the present invention include steel, zinc-plated steel, 
zinc alloy-plated steel, lead-plated steel, lead alloy- 
plated steel, aluminium-plated steel, aluminium alloy-plated 
steel and stainless steel. As well as purely metal plate 
substrates, there can be used metal plates which have a 

35 surface treatment provided by a chemical layer of about 
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0.1 - Sw. The object of the chemical treatment of the 
surface is to increase its anti-corrosion, anti-oxidation 
and adhesion properties. Such treatments may for- example 
include zinc phosphate treatment, iron phosphate treatment, 
5 or electrolytic chromate treatment. Additionally or 

alternatively, the metal plate may have an adhesive layer 
applied to it. The adhesive layer is at least a few v 
thickness, and its object is to increase the adhesion of the 
subsequently applied thermoplastic resin to the metal plate. 
10 Preferred adhesives are thermoplastic resin adhesives having 
functional groups, for example modified polyethylene, 
modified epoxy resin and modified vinyl resin. They have 
good adhesive properties both for. metal and thermoplastic 
resins. They include for example modified polyolefin resins 
15 such as ethylene-vinyl acetate copolymer or acrylic acid 
copolymer in the case of polyolef in-coated steel. 

Suitable thermoplastic resins used for coating the 
metal surface include for example polyolef ins, acrylic 
resins, polyesters, polyamides, polyvinyl chloride, fluoro- 
20 carbon resins, polycarbonates, styrene type resins, ABS 
resins, chlorinated polyethers and urethane resins. 
Polyolef ins includes polymers or copolymers of ethylene, 
propylene, 1-butene or 1-pentene. Acrylic resins include 
polymers or copolymers of acrylic acid, methacrylic acid, 
25 acrylic acid ester, methacrylic acid ester or acrylamide. 
Polyesters include polyethylene terephthalate and oil-free 
polyesters. Polyamide resins include so-called p.ylon 66, 
nylon 6, nylon 610 and nylon 11. Polyvinyl chloride 
includes homopolymers and copolymers, for example with 
30 ethylene or vinyl acetate. Fluorocarbon resins include 
tetraf luorinated polyethylene, tr if luorinated mono- 
chorinated polyethylene, hexaf luorinated ethylene-propylene 
resin, polyvinyl fluoride and polyvinylidene fluoride. 
Mixtures of two or more resins can be used. The film 
35 may include conventional additives, for example 
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anti-deterioration agents , modifiers and pigments. 
Cross-linking agents such as amino resins or epoxy resins 
can be added so long as fluidity of the coating is not lost, 

— £he Uxermoplastic resin — is selected according to the 

5 requirements of weatherproof ing properties , . durability to 
extremes of cold or heat, anti-scratch properties, anti- 
contamination properties, chemical durability, ease of 
processing in deep-drawing, and other objects in having a 
coated metal plate. For example, polyolefin is superior in 
10 its resistance to extremes of cold. Polyamide is superior 
in its abrasion-resistance. Acrylic resin is superior in 
its contamination-resistance and also chemical resistance. 
Fluorocarbon resin is superior in its weatherproof 
properties . 

15 Resins can be coated forming a mono-layer or multi- 

layers of the same or different resins. In the case of 
multi-layer coatings, a multi-layer die can be used, 
optionally providing an adhesion layer between thermoplastic 
layers. 

20 For example, a multi-layer coated steel plate can be 

directly and continuously produced by extruding a molten 
thermoplastic resin as a lower layer, a molten adhesive 
resin as a middle layer, and another molten thermoplastic 
layer as an upper layer, the films being produced by a 

25 three-layer T-die onto a steel plate which has been 
precoated with an adhesive and has been preheated. 
Alternatively, a coated steel plate can be directly and 
continuously obtained by extruding a molten adhesive resin 
as a first layer, a molten thermoplastic resin as a second 

30 layer , and a- . 
molten adhesive resin as a third layer, and a molten 
thermoplastic resin as a fourth layer; all four films being 
produced from a four-layer T-die onto a preheated steel 
plate . 

35 To give a more specif ic example, a .zinc-plated steel 
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plate or cold rolled steel plate can have a chemically 
treated surface layer on which is applied an adhesive 
coating and ar coating of- polyolefin orv the adhesive layer. 
This has good cold-resistance and durability, and low 
5 friction with respect to snow, and thus is suitable* for 
outdoor use in cold districts / for example in providing 
roofs or walls of buildings. 

A steel plate having a f luorocarbon resin layer on a 
polyolefin layer with an adhesive layer in between has very 
10 good weatherproof properties. 

A steel plate having a f lame-ret ardant resin layer 
applied through an adhesive layer onto a foamed urethane 
resin layer which in turn is secured to the chemically 
treated surface of a cold rolled steel plate through an 
15 adhesive layer has good heat-insulation and f lame-retardant 
properties, and is thus suitable for interior decoration 
panels. 

In another example an adhesive layer is applied to a 
chemically treated cold rolled plate, a polyolefin layer is 
20 applied to the adhesion layer, an adhesion layer is coated 
onto the polyolefin layer, and a polycarbonate layer is 
coated onto the adhesive layer. This coated metal plate is 
suitable for domestic electrical appliances, because of its 
scratch-resistant properties. 
25 The foregoing multi-layer coated surfaces can be 

produced using multi-layer T-die . 

In coating an adhesive onto a metal base plate, spray 
coating or roll coating can be used when the adhesive is 
solvent-based. When the adhesive is of a powder type a 
30 fluidised immersion method, electrostatic spray method, 

electrostatic atomisation method, or flame-spraying method 
may be used. When the adhesive is in pellet form the multi- 
layer extrusion method may be used. 

It is necessary to heat the metal base plate in 
35 advance of applying the molten resin. - Without preheating 
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the adhesion of the resin is inadequate, and hence for 
example the anti-corrosion property may be adversely 
affected. Higher preheating temperatures are preferred as 

thi^s— i-no-rea^ es. the fl ui - d - ity of th e— -r-es-am-? — but the : 

5 temperature should not be so high as to produce 

decomposition of the resin or adhesive, and moreover it is 
wasteful of energy. Preferably preheating is at a 
temperature below that of the molten resin, preferably at 
least 50 °C below the temperature of the molten resin. 

10 Usually the preheating temperature is in the range 50- 250°C. 
The invention will be more particularly described 
with reference to the accompanying drawings, wherein: 

Fig. 1 is a diagrammatic representation of a process " " 

for coating using a T-die close to a metal plate; ^ 

15 Fig. 2- is a diagrammatic representation of a process 

for coating in which the T-die is spaced from the metal - 
plate and a press roll is applied; 

Fig. 3 is a diagrammatic representation of a process * 
for coating by downward extrusion of resin into a nip " 

20 between a metal plate and a cold roll. * 
Referring to Fig. 1; a resin 3 from a hopper 6 is 
melted and mixed in an extruder 2 and is extruded to form a 
film at the outlet of a T-die 4, the mouth of which is 
closely adjacent the surface of a preheated metal plate 1 

25 which is moving around a guide roll 7. The coated metal 
plate then passes under a press roll 5 to press down the 
surface coating. The resin is extruded in the molten state, 
but it should not only have fluidity but also some 
tackiness. It should be sufficiently molten such that if 

30 two such resins or a resin and metal plate are pressed 
together by hand they cannot be easily peeled apart. 

Fig. 2 shows the extrusion die 4 somewhat spaced from 
the surface of the metal plate 1, and the extruded resin is 
deposited on a horizontally moving surface of the plate, 

35 where it is immediately pressed down by passing it under 
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the press roll 5. 

In the embodiment shown in Fig. 3, the metal base 
plate 1 is passed around a heating roll 8 and then around a 
cold roll 9 . The molten thermoplastic film is extruded 
5 from the die 4 downwardly onto the heated surface of the 

metal plate in the nip between the plate and the cold roll 9, 
The diagram also illustrates the use of two extruders 2 so 
as to produce a two-layer extruded film. This process 
enables easy control of the film thickness and the surface 
10 finish. For example, it is easy to control the surface 
gloss and to add an embossed pattern on the surface. 

The metal plate 1 coated at high temperature by 
molten resin 3 is subsequently cooled and rolled. Any 
suitable cooling method can be used, for example by passing 
15 through a cooling vessel or between cooling rolls. 

The invention will be more particularly illustrated 
by the following Examples 1 to 10 and Comparative Examples ■ 
1 to 3. 

20 EXAMPLES 1 to 10 

A metal base plate is prepared by chemically treating 
a zinc-plated steel plate of 0.4 mm thickness with zinc 
phosphate. The surf ace-treated metal plate is coated with 
resins by the method shown in Fig. 1, and was subsequently 

25 tested, given the results shown in Table 1. In the case of 
polyethylene, the temperature of the extruded resin was 
about 2 50°C. 

COMPARATIVE EXAMPLES 1 to 3 
30 A metal base plate which had not been previously 

heated was used in Comparative Example 1; a commercially 
obtained steel plate having a baked coloured acrylic paint 
coating was used in Comparative Example 2; and a commercially 
available polyvinyl chloride-laminated steel plate was used 
35 in Comparative Example 3. They were tested in the same 
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manner as Examples 1 to 10, and the results are also shown 
Table 1. 

Further tests were done as follows. 
. (i) Adhesion, The coating layer was cut through 



5 to the metal plate, and its appearance was 

observed after peeling the coated layer at 
the rate of 50 mm/min. For coated layers of 
50u or less, the peeling was done after 
applying a tape to it. 

10 (ii) Corrosion resistance . Degrees of corrosion 

were observed after spraying with 5% sodium 
chloride aqueous solution on test panels at 
35°C for 10,000 hours. 

(iii) Weather resistance . The condition of the 

15 surface was observed after leaving test panels 

in a weathermeter for 1000 hours. 

(iv) . Appearance . The surface appearance was 

observed and the results shown in the Table 
according to the following standard . 

20 

* Excellent 

0 . Very Good 

A • • • • Good 
X .... Bad 

25 From the foregoing it will be seen that coated metal 

plates of the present invention have superior properties as 
compared with conventional coated metal plates, and moreover 
it is possible to apply a thin coating, and the coating 
process has been simplified. 
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CLAIMS : 

1. A method of producing a coated metal plate, 

characterised in that it compri sing— he a ti ng th e m e ta l pl a:te 

(1) and directly extruding a thermoplastic resin (3) onto 

the heated surface. 

2. A method according to claim 1 wherein the metal plate 
is steel, metal-plated steel or stainless steel. 

3. A method according to claim 1 or claim 2 wherein the 
0 metal plate has a chemically treated surface layer. 

4. A method according to any one of the preceding claims 
wherein an adhesive layer is located between the thermo- 
plastic resin and the metal. 

5. A method according to claim 4 wherein the adhesive 

5 layer is extruded with the thermoplastic resin from a multi- 
layer die. 

6. A method according to any one of the preceding claims 
wherein at least two thermoplastic resin layers are extruded 
onto the metal plate from a multi-iayer die. 

0 7. A method according to claim 6 wherein an adhesive layer 
is co-extruded between adjacent thermoplastic - resin layers. 
8. A method according to any one of the preceding claims 
wherein the metal plate is preheated to a temperature below 
that of the extruded resin. 

5 9. A method according to claim 8 wherein the metal is 
preheated to a temperature at least 50 °C below that of the 
extruded resin. 

10. A metal plate (1) coated with a thermoplastic resin 
(3) characterised in that the resin has been directly 
0 extruded onto the plate. 
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FIG. 1 
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